Abstract. Compared to other industrial endeavors, the construction industry has the highest percentage rate of injuries and illnesses severely causing construction delays. The Critical Path Method (CPM) scheduling technique was considered to control and monitor construction activities to meet the project deadlines, e ectively, but not to control and monitor the project in terms of forecasted injuries and illnesses. The researcher proposed to develop a solution by deriving the Safety Factor to manage delays. The Safety Factor originated from the statistics of injuries and illnesses through classi cation of the annual percentage rate of the construction activities. Five color coding categories were formulated, guiding the users towards early detection of risks level in the CPM diagram, enabling immediate action, and lessening the adverse impact on the entire construction process. The research focused on getting back to the normal time schedule as-planned when disruptive injuries and illnesses occurred by using a Safety Factor, in which more dynamic CPM techniques were included in the formulation of the Safety Factor, therefore, increasing construction safety and decreasing construction risks.
Introduction
Although construction industry continuously disseminates safety awareness drive, such as issuing safety programs and manuals, using new safety tools, conducting and/or attending construction safety seminars, and trainings to avoid injuries and illnesses, the rate of injuries and illnesses in the construction industry is still escalating signi cantly leading to increased project duration and cost. Not to mention, the required implementation and practice of the CPM scheduling technique to maximize pro t, to nish the project earlier or on time with the prescribed quality, and particularly to avoid delay are proven as an e ective tool in planning, controlling, and scheduling the span of construction activities [1] . But, it still does not forecast any delay due to accident, particularly injuries and illnesses.
Typically, delays are managed simply in the construction industry by recording the delay(s), calculating the number of days for each delay and adding it up into the total number of delayed days, requesting for a time extension equivalent to the total number of delayed days, and paying the penalty per day. Not managing the delay and waiting until chaos/disputes occur results in arbitration or any other legal approach, and loss of money and time by all parties [2] .
The researcher strongly disagrees on these kinds of approaches for managing delays; however, after 3 consecutive years of intensive research and presentation to develop a new technique using the Critical Path Method (CPM), scheduling technique, as a major tool to manage construction delays, has revealed so many advantages and great potential for another scheduling technique(s) in future studies as well.
According to Bubshait [3] , delay measurement process indicates that the outcomes of delay analyses are not predictable, nor can one method be used universally. These procedures were employed to measure delay impact, utilizing computerized Critical Path Method (CPM) analyses performed on genuine construction schedules. These procedures are evidently essential in analyzing and deriving CPM technique in the construction project(s) to manage the delays, as Bubshait [2] stated that: Network-based scheduling is an excellent vehicle for negotiating settlement of changes, disputes, and particularly delays throughout the project. With this, the researcher used these ideas to develop a new approach of managing delays, caused by the accident, by incorporating the factors of safety derived from the degree of injuries and illnesses of the construction activities to have a genuine construction schedule as Bubshait [2] mentioned.
Yi and Langford [4] presented the concept of combined e ect of di erent risk factors on the accident. For proper safety planning, safety managers need to be well aware of the direct causes of the accident as well as indirect factors that adversely a ect site safety. If it is observed that a hazardous environment exists in the site, then either that hazardous environment must be eliminated or occupations and processes related to that hazard must be properly protected. One of the measures for evading such hazardous situations is to predict such situations and reschedule the start time of high-risk situation so that risks are not concentrated during certain periods and at certain locations. In order to predict when and where the risk reaches its highest level, analysis should be performed based upon various information, including statistical sources such as accident histories, and this should be done in coordination with activity scheduling.
Normally, it is known that the best safety performances are found in construction projects that use sophisticated scheduling data, frequently update project schedule, are wholly coordinated meeting, and maintain the project schedule. That concept made the researcher focus on the construction process with regard to safety in evaluating the most recorded injuries and illnesses to formulate Safety Factor to manage the delays in a unit, which is advantageous to the bene ciaries as construction professionals.
To implement ideas of Yi and Langford [4] , the researcher categorized the injuries and illnesses in accordance with their e ect in Color Coding Categories to determine the precautionary measures that need to be implemented and, most of all, to determine their respective factor of safety that were to be re ected in the CPM diagram to recover the delays lost by the injuries and illnesses.
Also, the planning method of Winch and North [5] is very relevant to this study, mainly because of its unique analysis and planning the sequence of tasks and how to manage the construction space scheduling problem on site, which the researcher used in the unique ideas on improving the Critical Path Method. Sophisticated methods of planning and analyzing the sequence of tasks within the work break the structure down through time, but the problem of planning where the tasks are to be executed onsite is not wellsupported, especially because the spaces are dynamic as the project progresses. We know that congestion on site reduces output and generates hazards, yet construction planners presently have to rely upon experience and intuition.
Using the concept of Winch and North [5] , the researcher will maximize the construction activities in the dynamic approach through calculation of safety duration, particularly in critical activities, and notice the space di erence from the normal duration to the safety duration.
Saurin et al. [6] are eager to improve the safety awareness in the construction industry through integrating safety into the production planning and control process, which they call Safety Planning and Control (SPC) model; they state that: The main features of a Safety Planning and Control (SPC) model were proposed. Among the safety management improvements introduced by the model, one of the most important ones is the simpli cation of the safety planning procedures. The aim is that safety planning and control do not make normal planning meetings very timeconsuming. The integration should not be dependent on the use of any speci c production planning model. It should only require a formal planning system which is characterized by planning hierarchy, continuity, and participation.
In light of the above, the researcher is enthusiastic to develop its own technique of improving and developing the construction safety through the use of Critical Path Method (CPM) Scheduling Technique. The technique is particularly useful and it will provide a model of the project or a master plan. It illustrates how a project is originally planned and how it changes as the project progresses.
Research method and framework
As the framework of the study, the researcher anchored the unique ideas of managing construction delays caused by the injuries and illnesses that occur on the construction site as follows:
1. Non-fatal injuries and illnesses recorded in the Bureau of Labor Statistics (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) in accordance with the accident rate in the Construction Industry of the United States of America is the primary source of classifying and categorizing the di erent injuries and illnesses that occur in construction sites; the statistic factor and probability of the construction activities will be analyzed with high and low accident rates. Each accidents rate will be studied and the root of accident in a particular construction activity will be highlighted; 2. Incorporating construction safety into the CPM Scheduling Technique using the Color Coding Categories and the Safety Factor (SF) was done by deriving the statistics of injuries and illnesses from the primary source. It is essential to consider the rate of accident in planning and scheduling the construction activities to forecast their pessimistic scenarios in order to manage the construction delays using dynamic approach.
The study was conducted with the use of registered method of research. Considering the objective of the study, the registered method of research is the most appropriate to use: \Registration is a process of listing down items of the same kind in some systematic manner for record purposes". [7] To analyze and derive the ideal factor of safety, the researcher used the optimistic rate and the pessimistic rate of non-fatal injuries and illnesses statistics of BLS (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . He also considered the critical path and the non-critical path in the CPM diagram in order to determine the ideal factor of safety in a particular line or activity.
Documentary analysis is very vital in this study to determine the needs of construction industry; also, it is necessary for the person involved in planning and scheduling of the construction activities to avoid delays caused by injuries and illnesses that occur in construction site.
In general, the registered method, interview, observations, and documentary analysis have helped the researcher gather objective information on developing a new unique technique in managing the delays caused by the injuries and illnesses that occur in construction projects through the use of master plan, commonly known as CPM.
Derivation of Safety Factor (SF)
Surveys and interviews were provided with di erent construction managers and technical experts involved in the construction industry to verify the elements that were necessary in calculating the probable delay of each construction activity due to injuries and illnesses, namely Number of Manpower, Duration of Activity, and the Potential Hazards of Activities Depending on the Project Size.
As a result, Safety Factor (SF) is the product of the number of manpower (Nm), project duration (T ), factored size of manpower (Fsm), and the average rate of injuries and illnesses (Rave) of the stated activity in the CPM diagram. Safety Factor is the multiplier to the original activity duration to forecast the accident delay in any of the construction activities through equal distribution of the delays in all critical activities.
The Safety Factor focuses on the critical activity because there is no allowance or extra time in these activities unless the project incorporates dummy activities to cover the probable injuries and illnesses.
The determination and derivation of construction Safety Factors is an advanced and dynamic approach for e ective management of the construction safety, particularly the construction delays, with the aid of construction categories which should be used in each phase of the construction project (pre-construction, during construction, and post-construction) from the start to the end. This enables forecasting the injuries and illnesses to avoid the uncontrollable e ect of delays from one construction activity to the succeeding activities.
The Safety Factor critical (SFc) is the computed probable delay of critical activities along the critical path without oat, or zero oat, with the working equation shown below: SF c = Nmc F sm T Rc:ave; Table 1 .
With this, the factored size of manpower in the construction industry (Fsm) was computed using the equation below:
where F sm is factored size of manpower; Ic is average Project duration (T) is the elapsed time from the project start date to project end date, which is also re ected in the CPM diagram. Table 3 [8] .
Annual percentage = Number of injuries Total injuries 100%;
where number of injuries is number of injuring activities in year, and total injuries is total injuries in year. Based on the average rate of 25 construction activities (BLS 2001 (BLS -2013 , the most risky activity is the plumbing contractors, 14.27%, and the least risky activity is the siding contractors, 0.42%. The higher the average rate of injuries and illnesses, the more risky the activities are. Therefore, the Safety Factor for critical path of the project is determined after all the incorporated elements are derived and de ned. Thereafter, the delay for each critical activity is calculated as actual duration and delay. Finally, the new project duration is determined. The improved CPM should re ect the color coding of safety for each activity, which will be discussed in the next section, incorporated by appropriate safety process and risk process. Once the Safety Factor is used in the CPM, it will automatically integrate the new technique of construction safety management, as illustrated in the next section.
Five color coding categories
To easily identify the risk level of activities, the researcher assigned color codes of Risk Matrix on PMBOK Guide [9] to ve categories represented in Table 4 as C1, C2, C3, C4, and C5 depending on the percentage rates or degrees of injuries and illnesses of each construction activity that were computed in the previous section. For instance, C1, represented by green color, has the least percentage rate of injuries and illnesses, 0.01% to 3.00%, that means activities like land subdivision (0.57%); structural steel and precast concrete contractors (1.91%), etc. have very low probabilities of injuries and illnesses which may occur during the construction. On the other hand, C5, represented by red color, has the highest percentage rate of injuries and illnesses, 12.01% and above, that means activities like plumbing, heating, and airconditioning contractors (14.27%) have the highest probability of injuries and illnesses which may occur during construction.
As shown in Figure 1 , the corresponding Risk Matrix on PMBOK Guide [9] color codes is based on ve color coding categories in the construction industry, which easily distinguishes the critical activities and incorporates the necessary precautionary measures or actions in the planning stage of construction.
In relation to the categories of rate of injuries and illnesses, as discussed earlier, the researcher created the safety management process and risk management process based on risk process classi cation of Risk Impact Matrix on PMBOK Guide [9] , which is shown in Table 5 , to continuously improve and develop the awareness in the construction industry, particularly on the nonfatal injuries and illnesses that may occur in site.
The Five Steps of Safety Process [10] and Risk Process [11] are vital to assess the construction activities as well as the whole construction project, especially before the construction starts, in order to anticipate the impact on project duration and project cost caused by the precautionary measures or actions needed to avoid, if not to eliminate, the injuries and illnesses. The major activities, the predicted duration of each activity, and the sequence of activities of the actual project, which were used as the case study, are enumerated in Table 6 , where LS is latest start time; a Activity list adopted from Brien and Plotnick [9] . b Duration in weeks.
IPs is immediate predecessors; ES is earliest start time; LF is latest nish time; and EF is earliest nish time.
As shown in Figure 2 , the numbers in circles are nodes points that represent milestones in the project, from which the existence of a logical loop in the network can be predicted. Three dummy's activities, i.e. activities 6-9, 8-9, and 11-14, have been provided to show interrelationship between the activities. As exposed on network diagram, there are no projected or forecasted delays in any of the activities. But delays are part of construction industry and unfortunately during this project, 2 injuries and illnesses occurred (activities D & K) delaying the project for one week with additional cost amounting to USD 5,000.00.
To determine the Safety Factor for this project, the necessary data such as factored size of manpower and average rate of injuries and illnesses of activities, which were calculated in the previous section, are incorporated into the actual data of project, as listed in Table 7 . 
Safety Factors of the critical activities of the project are calculated and listed in Table 8 . Note that in computing the SF of each activity, the employment size (Es) value is not necessary because it is applicable only for the whole project. 
Percentage of critical Safety Factors is calculated by dividing Safety Factor of each critical activity into the total Safety Factor of critical activities as shown in Table 9 Based on the safety duration of each activity, it is time to modify the activity list:
1. The color coding of one activity di ers from that of the other activity. This is because the color coding activities in construction industry (Figure 1 ) that the researcher assigned depending on their percentage (%) rate of injuries and illnesses may prevent using the safety process and risk process (Table 5 ); 2. The new projected duration is able to cover any delays that may occur in the project. This is because of the calculated safety duration as shown in Table 10 ; 3. The IPs, ES, EF, LS, and LF will have new values because of the calculated safety duration using the Safety Factor.
The activity list with Safety Factor in Table 11 shows that by using the Safety Factor in the CPM technique, the project could still be completed on time, even when two incidents of injuries and illnesses occurred and delayed the project for one week. Therefore, due to change or new duration, it is required to revise the conventional CPM in Safety Network Diagram to identify the accident category of each activity and determine the appropriate precautionary action, mitigating risk of project as shown in Figure 3. 
Veri cation of research
The researcher evaluated and veri ed the progress of the improved CPM by using a control tool commonly known as the Status Index (SI) in terms of the e ciency of project [12] . The Status Index (SI) is a means of relating actual progress and costs versus the project plan calculated by Eq. (12) 
Based on project speci cation of the case study represented in Table 12 , the status index of project by using the conventional CPM is 0.94 or 93.65% because of the 2 occurred injuries and illnesses, delaying the project for one week and amounting the additional cost to USD 5,000.00. Conversely, by applying Safety Factor to CPM, when two (2) accidents occurred on site, the SI of the project increased to 1.0 or 100% and the cost of the project remained as budgeted.
Conclusion
The presented new critical path method in which the total safety and duration of the project is fairly distributed in all critical activities is shorter in duration than the normal critical path method. The critical path method with safety duration or Safety Factor also proved that the construction delay could be fairly distributed in other activities with minimum cost of delay per day. Instead of concentrating only on the particular activities with great impact or e ect on other or succeeding activities, the researcher adopted the concept of Yi and Langford [3] : \One of the measures for evading such hazardous situations is to predict such situations and to reschedule the start time of high-risk situation so that risks are not concentrated during certain periods and at certain locations. In order to predict when and where the risk will reach its highest level, analysis should be performed based upon various information, including statistical sources such as accident histories, and this should be done in coordination with the activity scheduling." The method is supported by the space scheduling problem that Winch and North [4] emphasized due to the sophisticated methods of planning and analyzing the sequence of tasks within the work breakdown structure through time; but the problem of planning where on site those tasks are to be executed is not well-supported, especially because those spaces are as dynamic as the project progresses, which in this study are called critical activities. Through distribution of delay by using the computed safety duration, the researcher was able to mark up or maximize the available space in each activity, allocate tasks to spaces, and analyze and optimize space loading in relation to the critical path.
In light of the above ndings presented on how to manage construction delays using the new improved scheduling technique of Critical Path Method (CPM) by Safety Factor, the following conclusions were derived:
The application of the 5 colors coding in the CPM diagram enabled the readers to visibly identify the degree of potential hazard of each activity and increase awareness/alertness, particularly to the most risky activities; The application of safety process and risk process provided the Project Owners/Contractors/Engineers with the bene t of color coding categories in the construction industry to determine the appropriate safety process and risk process for protecting their interest and avoiding costly disputes;
The identi cation of categories and calculation of Safety Factors, particularly in critical activities, have great advantages to forecast and plan the appropriate solutions or actions even before the project implementation;
It is vital to use the latest statistics to calculate the safety duration and determine the Safety Factor of all construction activities before incorporating the Safety Factor into the CPM diagram to adequately determine the appropriate solutions or actions and, most importantly, appreciate the bene ts of this study;
The application of Safety Factor in CPM scheduling technique, even before the construction of a particular activity, increases the safety and, most importantly, decreases the risk in the construction project;
Finally, the applied dynamic to manage construction delays using the Safety Factor in Critical Path Method (CPM) increased the e ciency of the project progress, awareness in advanced monitoring/controlling of each construction activity without any additional cost incurred to construction project, and quality level of management.
